Emission of toxic trace metals into southern California coastal waters has resulted in the extensive accumulation of the elements within marine sediments. The current study was undertaken to evaluate concentrations of trace metals in bottom-dwelling marine fauna collected from two sampling areas. Analyses carried out on muscle samples of the dover sole (Microstomus pacificus) and the crab (Cancer anthonyi) by proton-induced x-ray emission analysis showed considerable concentrations of arsenic and selenium. Samples of gonads, digestive gland, and muscle from the crab Mursia gaudichaudii analyzed by atomic absorption spectroscopy showed elemental concentrations in muscle similar to the crab Cancer anthonyi and much higher metal levels in gonad and digestive gland. These findings suggest the need for further studies concerning the relationship between emission of metals into the marine environment and their abundance in marine fauna.
Many tons of trace metals, potentially toxic to marine life, are annually released into the southern California coastal basins as a result of industrialization and urbanization in the Los Angeles area (1) . These elements have accumulated to high concentrations in the bottom sediments of these basins (1) (2) (3) (4) . Tissue burdens of trace metals in organs of bottom dwelling marine species inhabiting the basins have received only limited attention (5) . This report details levels of 18 trace elements in muscle samples of the dover sole (Microstomus pacificus) and crab (Cancer anthonyi) as determined by proton-induced x-ray emission analysis (PIXEA) and concentrations of zinc, copper, lead, cadmium, mercury, arsenic, and chromium found in samples of digestive gland (hepato-pancreas), gonad, and muscle from specimens of the crab Mursia gaudichaudii by atomic absorption spectroscopy. These analytical studies were undertaken because oceans and coastal waters act as sinks for trace elements emitted into the environment and it is known that marine organisms consumed as food by man may accumulate trace elements to high levels. Knowledge concerning the levels of toxic metals within this valuable food source is essential to performing meaningful toxicological evaluation studies, since metals bound to tissues of marine organisms may be more or less toxic due to metal-metal interactions and altered absorption, distribution, and excretion characteristics.
Materials and Methods
Eleven dover sole, [15] [16] [17] [18] [19] [20] 
Results
PIXEA evaluation of fish and crab muscle tissue indicated that many trace elements were present, although it was not possible to determine CH-ANNEL FIGURE 1. PIXEA spectra from two dover sole superimposed upon each other. Note prominent zinc, arsenic, lead, bromine, and strontium peaks.
whether the values obtained had any relation to high bottom sediment levels for many of the metals. Typical PIXEA spectra from muscle samples of two dover sole are presented in Figure 1 . Arsenic, lead, and selenium are the primary toxic elements of interest. Graphs showing mean levels and high and low ranges for individual elements within muscle samples of dover sole collected from the contaminated and noncontaminated areas are presented in Figures 2 and 3 , respectively. The dotted line represents a 3a detection limit which is a function of the peak to background ratio for x-rays of a given element (6).
Muscle samples from the dover sole examined by PIXEA had high levels of potassium and calcium. Bromine, zinc, iron, arsenic, and strontium were next in order of abundance. Lead, vanadium, titanium, manganese, chromium, cobalt, nickel, copper, selenium, rubidium, and mercury were present in concentrations of 1 ppm or less. No differences in muscle concentrations of these elements were observed between the two areas sampled except for arsenic which was approximately 2-fold higher in fish collected from the contaminated area (p < 0.05).
PIXEA evaluation of muscle samples from the crabs (Cancer anthonyi) showed a similar pattern of relative metal abundance although many elements are present at concentrations higher than those of dover sole (Figs. 4 Table 1 . Data from atomic absorption analyses of different organs in the crab Mursia are presented in Table 2 and show muscle elemental concentrations similar to those found in the Cancer anthonyi examined by PIXEA.
From these data, it is clear that most organs of the Mursia studied had considerable levels of these elements with the exception of chromium which was not detected in any of the samples analyzed. In general, the digestive glands and gonads had much higher levels of elements than did muscle samples. Considerable inter-animal variation was observed in tissue levels of the metals and not all samples had every element. Zinc, copper, mercury, and arsenic were found in most of the samples while lead and cadmium showed wider distributional variability. Analysis of selected samples by gas-liquid chromatography for mercury disclosed that all of the mercury present was in the form of methyl mercury. Considerable arsenic concentrations approximating those of Cancer anthonyi were consistently found within all of the analyzed specimens. This element was more abundant in the digestive gland and gonad than in muscle. 
Discussion
The current study indicates that many trace elements are present in some bottom dwelling marine animals at concentrations higher than those commonly measured in canned food stuffs. Arsenic was the most prevalent element considered toxic to humans. This finding supports studies by Le Blanc and Jackson (7) and Peden et al., (8) that marine organisms accumulate arsenic from their environment. More work is needed on the chemical form of arsenic in these tissues and the mechanisms by which it is accumulated since the toxicity of arsenicals is known to vary greatly with oxidation state and chemical form. Differences in the chemical form of the arsenic found in muscle of dover sole and crabs could explain why dover sole have lower concentrations than crabs. A similar phenomenon could explain why dover sole in the contaminated area had higher arsenic concentrations than in the noncontaminated area while the reverse was true for crabs.
The wide individual variation in concentrations of cadmium, copper, zinc, lead, and other elements observed in this study is similar to that reported by Topping (9) in viscera of crabs (Cancer pagurus) and lobsters (Homarus vulgarus) taken from Scottish waters. Factors which influence these differences are currently undefined. In the current study, excessive fouling of the nets by sludge in the contaminated region of the sea bottom (10) necessitated collection of the specimens at the periphery of this area. Considering the migratory habits of both dover sole and crabs, wide variation in individual burdens may not be unexpected due to movement in and out of this area. It is also possible that death occurs among those individuals whose total body burden of trace metal exceeds some limit and that they will be replaced by others migrating from a less contaminated area. Advective transport (1) of metals of by the California current may also complicate local assessment of altering metal concentrations in the water column of both contaminated and noncontaminated areas.
The above findings are also of interest because they indicate that muscle and viscera of bottom dwelling marine organisms living in an environment greatly enriched with trace metals do have considerable burdens of these elements although it is currently not possible to conclude that these levels are a reflection of metal concentration in bottom sediments. Previous reports by others on trace metal uptake by marine organisms have concentrated on more pelagic species such as the tuna and swordfish, which occupy a greatly different ecological niche from benthic scavengers such as crabs. More extensive studies on bottom-dwelling marine fauna for metal concentrations and toxicity seem in order.
Another point of note is that enrichment of coastal waters and the ocean floor by toxic trace metals has been occurring near other large seaport cities such as New York (11) and Baltimore (12) . The effects of toxic trace metals on marine fauna living in contaminated areas of sea bottom is thus a general problem which is not limited southern California. Trace element emission into coastal waters also needs to be examined for its impact on the ability of marine organisms to survive and reproduce. Evaluation of important and valuable coastal fisheries is necessary prior to the future development of industries or power plants near the marine environment.
Finally, the above data suggest the need for epidemiological evaluation of human populations consuming large quantities of fish and shellfish for signs of trace metal toxicity. Experimental animal studies are needed to compare the absorption, distribution, excretion, and toxicity of metals bound to fish or shellfish tissue with the same metals administered by inhalation or consumption of contaminated drinking water. A realistic assessment of trace metals as toxicants in man's environment is essential to establishing meaningful pollution guidelines.
